Paul S. Pregosin and C h r i s t i a n Ammann Laboratorium f u r anorganische Chemie, ETH-Z, U n i v e r s i t a t s t r . 6, CH-8092 Zurich, S w i t z e r l a n d A b s t r a c t -Two dimensional X,H C o r r e l a t i o n s , COSY and NOESY measurements a r e shown t o be v a l u a b l e a i d s i n a s s i g n i n g s p e c t r a and determining s t r u c t u r e . S p e c i f i c a l l y t h e NOESY p u l s e sequence i s shown t o be u s e f u l i n t h e d e t e r m i n a t i o n o f a) 3-dimens i o n a l s t r u c t u r e o f c y c l i c n -a l l y 1 complexes, b ) s u b t l e geometric d i s t o r t i o n s o f t h e syn and anti protons i n t h e methylene p a r t o f a a -a l l y 1 l i g a n d , i . e . , Pd(n -CHSynHantiC(CH3)CHR) and c ) d e t e c t i n g simultaneous l i g a n d exchange r e a c t i o n s
INTRODUCTION

Despite t h e acceptance o f two-dimensional methodologies i n t o organic and b i o c h e m i s t r y ( r e f . 1) o r g a n o m e t a l l i c and c o o r d i n a t i o n chemists have been slow t o i n c o r p o r a t e these t e c h -
niques. This i s p a r t i a l l y because several o f these 2-D p u l s e sequences have as t h e i r goal s d l e l y s p e c t r a l assignment. S p e c i f i c a l l y , a 13C,H c o r r e l a t i o n a l l o w s connection o f these two n u c l e i v i a J ( C,H) thereby f a c i l i t a t i n g t h e assignment o f these s p e c t r a and/or d i s c o v e r i n g hidden resonances. 'H 2-D homonuclear c o r r e l a t i o n spectroscopy, COSY, demonstrates J-coupl i n g c o n n e c t i v i t y between p r o t o n spins and i s s u p e r i o r t o s i n g l e frequency decoupling i n t h a t a l l t h e c o u p l i n g i n f o r m a t i o n i s a v a i l a b l e from one experiment. These methods are app e a l i n g f o r t h e e l u c i d a t i o n o f organic s t r u c t u r e s ; however, o f t e n t h i s i s o n l y o f secondary importance, e.g., t h e H s p i n system has been d e l i b e r a t e l y chosen t o be simple and/or t h e emphasis i s on t h e metal. One can broaden t h e scope o f t h e heteronuclear X,H c o r r e l a t i o n t o i n c l u d e a s u i t a b l e metal resonance and consequently a d j u s t t h e emphasis o f t h e measurement.
Using t h e H,X c o u p l i n g c o n s t a n t t o h e l p f i n d t h e metal s i g n a l may l e a d t o new s t r u c t u r e and bonding data, as t h e metal chemical s h i f t i s recognized t o be q u i t e s e n s i t i v e t o t h e n a t u r e o f t h e l i g a n d s i n t h e c o o r d i n a t i o n sphere ( r e f . 2 ) . However, t h e 2-D NOESY sequence, which, f o r H, a f f o r d s both Overhauser and chemical exchange i n f o r m a t i o n ( r e f . 1 ) i s more a t t r a ct i v e . The Overhauser e f f e c t i n v o l v e s tance data, whereas m a g n e t i z a t i o n t r a n s f e r between c h e m i c a l l y exchanging s i t e s has mechani s t i c imp1 i c a t i o n s . 
t i o n , t h a t t h e syn p r o t o n i s d i s t o r t e d toward t h e n i c k e l
( r e f . 4 ) and 1772 P. S. PREGOSIN AND C. AMMANN i i i ) how might one best cope w i t h t h e simultaneous, r e l a t i v e l y complicated exTo approach t h e problem we chose P d ( I 1 ) as metal center and considered t h e molecules, 1, w i t h t h e f o l l o w i n g i n mind: NOE e f f e c t s concerned w i t h t h e 8 -a l l y 1 face w i l l r e q u i r e an i ndependent " r e p o r t e r " l i g a n d w i t h s u i t a b l e protons. Since NOE e f f e c t s i n v o l v e T1 r e l a x a t i o n , t h e r e p o r t e r should be r e l a t i v e l y r i g i d both w i t h respect t o movement w i t h i n i t s e l f and r el a t i v e t o t h e v -a l l y l . The o v e r a l l molecular motion o f t h e complex should be r e l a t i v e l y slow, i.e., T should be f a i r l y long (see eq.) t o permit e f f i c i e n t 'H d i p o l e -d i p o l e r echange phenomena o f t e n associated w i t h such molecules.
l a x a t i o n between t h e r e p o r t e r and t h e a -a l l y l . Moreover, t h e r e p o r t e r proton inducing r e l a xa t i o n , should be reasonably c l o s e t o t h e 8 -a l l y 1 fragment. Since -o-phenanthroline seemed lik e l y t o f u l f i l l these boundary c o n d i t i o n s we prepared several a -a l l y 1 complexes using t h i s ligand.
RESULTS A N D DISCUSSION
The f o u r chosen 8 -a l l y l i g a n d s are shown below t h e two non-equivalent sides ( o r t h o protons) of t h e r e p o r t e r , which appear a t lowest f i e l d "see" d i f f e r e n t environments across t h e metal. I n a l l f o u r cases, one ortho r e p o r t e r induces NOE s e l e c t i v e l y a t t h e syn (lower f i e l d ) a l l y l CH2 proton suggesting a s i m i l a r d i s t o r t i o n f o r these as was found i n t h e neutron work mentioned above. I n t h e t h r e e a l l y l fragments w i t h stereochemistry, t h e other phenanthroline o r t h o proton "sees" t h a t proton o f an adjacent CH2 fragment which faces t h e metal thereby d i f f e r e n t i a t i n g between t h e two faces o f these ligands. N a t u r a l l y , these measurements are a l s o u s e f u l aids i n assigning complicated
'H spectra. Indeed, one o f t e n needs 2-D COSY and h e t e r o c o r r e l a t i o n spectra combined w i t h h i g h r e s o l u t i o n work t o assign t h e 'H spectra, i n order t o make use o f t h i s type o f NOE data. One should not confuse distance from the metal w i t h o r i e n t a t i o n w i t h respect t o t h e c l o s e r t o t h e metal, but t h e syn proton d i s t o r t s out o f t h e plane towards t h e metal and t h e
second v -a l l y 1 l i g a n d ( r e f . 4).
---plane defined by t h e t h r e e carbons o f t h e a l l y l l i g a n d . The a n t i proton i n N i ( n 3 -C3H5)2 i s -c methods. The 2-D exchange spectrum (which contains both exchange and NOE i n f o r m a t i o n ) i n t h e CH3 r e g i o n (see Fig. 3 ) r e v e a l s an unexpected r e s u l t . Not o n l y Ph are t h e two forms i n e q u i l i b r i u m , but both are exchanging w i t h a t h i r d as y e t u n i d e n t i f i e d complex.
Having considered p o i n t s i ) and i i ) we come t o iii). I f a molecule undergoes slow exchange, e.g., A + B , w i t h an exchange r a t e comparable t o , o r somewhat slower than, T1 f o r t h e observed nucleus, t h e NOESY sequence gives r i s e t o cross peaks a r i s i n g from
Separate e f f o r t s on t h i s molecule allowed i t s s t r u c - LnPt-C1 + SnC12 18e r u l e i n combination w i t h t h e observation t h a t t h e r e i s no r~' -b n' a l l y 1 i s o m e r i z a t i o n (as shown by f o l l o w i n g t h e t r a n s f e r o f magnetization from t h e i n d i v i d u a l S J J and anti prot o n s ) . I f complex 2 were t o l e a d t o SnC12 + PtCl(SnC13),(C,H,)2-, t h e r e s u l t i n g d i a n i o n would s t i l l be c o o r d i n a t i v e l y saturated and would n o t be expected t o coordinate PhCH=CH2.
Consequently, d e s p i t e t h e modest p o l a r i t y o f t h e solvent, we f a v o r t h e formation o f SnC13-Note a: The cross peak i n t e n s i t y w i l l be p r o p o r t i o n a l t o t h e concentrations o f t h e exchangi n g species. One o f these may be present i n n e g l i g i b l e concentration; however, i t s cross peak can be r e a d i l y observed. and an associated platinum c a t i o n . The d i s s o c i a t i o n o f t h e PtSnC13 fragment i n t o anions has been postulated as being an important f e a t u r e of t h e PtC12L2/SnC12 homogeneously catalysed hydroformylation ( r e f . 5). Our r e s u l t s represent one o f t h e r e l a t i v e l y few examples ( r e f . 5)
where t h i s p o s s i b i l i t y has been supported experimentally, and perhaps t h e o n l y case where CH2C12 was used as solvent.
